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F(!SION FUEL PURIFICATION DURING TNE TRITIUN SYSTEHS

TEST ASSEHBLY 3.WEEK IMP EXPERIMENT

R S(LJrL Ulllms

“11If Iiim :,vs(,,m~ rlt~t A%srml,lv
[,,, s A1,, IUCIS N., ( i,,ll,,l l.dl)t)t;t[,>lv

l.,1.i A1., mos, Ni. w

UmmwUQN

L)urlng rhe time period from M/113 . ‘1/5~H3, Ihe

“rritlum Svstemrn Test Assemblv (TSTA) .il [us A].lmus
NaLicrral l~boracorv ( lANL) 1.OIMIUL-I Pd 119 l[)ngl, sl

~.ontlnuous illtegraLed loop oprracion [0 date. nils
~,Iovirfrd an opporcunitv [O tesr snma hltherro ilnprovr!~

i.mpabilicies ot the TSTA Fuel Llraimp Svstem \F{:[l)
I’rr.vto\ls F(:U L@5tS were Irpor[ed in [!], nle ptlrposr
!!1 the F(:U Is to rt.mcrve Impurlt les lrom J h[lr,lm ant
l,vdr,~p,en i~nlnpes ((J;)) rcprrswntnt ivr (I1 torus rxtl.lusl

),,,1s [)UIIIIR this run lmpuI Illes loaIliIIgs IJIIP.111~, II(IM

*,() 11, 1,’9 .;,. cm ,,t ~1(1~ NT A,ltl log [’1[,, WWIF !,.(I I,, [ ),t.

}’(:0 i.11’tl (It the two F(:U main flow mo!eculdr %Irvr
I,t, ds IHSB’ s) w-r- f Illr(l [o t)r?akthroj:Rtl [hrrr. f lmi. .i

~te tl!ItC’+ wwre rogel]eratrd during loop tlpertir loll\

l?~K’?N.4i-ThLISIA.Ky

l’~!lALLkJ{lQu

The F(W, :.liowti srllrmatlcallv III Fl~utr 1,

‘) K !l!iB’% (1.llde ‘~A) 1(I removr Impurlt 10s

HSB1 nld MB? nr~ IIsvd to purltv fho main t

(norninallv ~0/’I() [)/T), while HSBI AIMI HSBft pu

{-lap 1UV!J

It,m I>,J

(IU palh

1(Y Ihr

rleuLral beam gas (nnmi,iallv 1000 D?). Durl!;T fhls run
lmpurltles ware IIIIIV .Idded [rI Iha main !lnw path,

tlelore tho impllriLle* I)r@rnk through t,r ,,IIF I,md, Its

rxhaust 1s rrrutrd In III- IIIICII 01 th? t,rrmpmftlaln t,rd
(oath 1111[ shnwn). 111 !tlis Wa\ nll tfSB CmI I)P l,lkrll III
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Y’; n’..

,,, , , !,,,
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waste treatmenr hvs(rm (TLT) Rather. .Is thr I)rd 19

warmed and Lhe Impullties drsorb, thev are mixed with
[1~/tle betore helllg .dmltced to i“nldlvLic reactor .’

(1:R2) Thnrein, !rltlum-con(a!nlng impuritlsm tire

~.onver ted !rr (j~l) .Iid other oxides ( II) this casn, CO?)

l-ha (/:)0 is Capcllrrd AS Ice ill the deuterlum LritiiIM

t,xidm treezer (DTOF), dnd the rcm~lnlng lmpuritl-~
(.onr~ining IIegllKlljlr trltlum arm ●xhausred ro t he

“IWT
A ❑ixrurr t~t ‘)0 (1., JINI ‘lit IIK Is usrd (0 ❑ ix with

fhr lmpurlcirs Thib %uppllr!I [he oxvgrn l.ecms$~rv
Ior i.nmhus[ ion, h!lt will (10[ to[rn .I n explosive

mixture n10 nmrrr.rnl {,! I)T,ttF tiddrd i~ rontrollrnd IIV

.~n oxyp,oII moilltor Ill fhe (N? ~’xh.l~l~t (;tinerally (hw

t.on?. rrrl svstrm 1.s %rt [ () maintain A .rt (1;,

,-mncent ration ml [his ~Ioln I

I’eriodlcu]lv [hr I)”H)F mllst br rrRenerated. Th t S

involves hvatlug (III, onw iIIul dI-lViIIR the waLer rrv~r ir

tIOL metal hrnd (tMtl) which rontnina uranium. Therein,

the wmt~r Is lrdurotl 10 ~!ranlum oxlda (solld) .Ind Q)

(~,am) which I!I rrmtlmlltru tn thm F(:U main tlow. T.lhlm

1 summarlzux IIIF \}roperLie~ ml emrh F(TI t.omponont

SWY–QF..(?PERKUQNS

NRKKwlYc

(hi dmv O 01 the I-rIII (1*/1’)/&19), ns aeon on Flgurm
;) Ioq ;1OW wnn qtnrfmd ~hrough IISB1. Tha following

Ilay lmpurl t 1FS4 41{ldl 1 itIII w,l~ begun, I.ILF on day 2 11OW

w*- routod from thr .mXhJNISL (If’ M$iBl to thm inlat of

fisn2 so thsL F!snl rnuld ho [ukau to complatm

I,rrmkttlruugh wtllrll [It,c,lrfotl ,111 tlay 1. Flrrw vaa then

[out~d Ihrough HSI12 ~IIona and lmpuritl~o wora t urnpd

(Itf Wtllls Plsnl was reRrumrat ad ( (Ill ::oma ()t ttla
,lltlq@l[ll@llt rr~rtimrmflon~ lrspurltlen All!lon Iomalnmd

,,11)
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,! 1,,,., I Illw W.l.l ,ll,,l. I t ,.lt 1111,lIIV. Ii fl~lnl MIII II. t!oll\~@’ W.IV
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tip, ure J !,turusatv of F’(7J Ope rat ions

,,,,(11) tl]r. rt. attcr .I uumtbe r of p[-ot>ll. ras ,w(,r e
,.r,c<,tlrt[ rm~e<{ it was (il.. (,(]ve red that Lhe 1001, f low was

:11.AdvP:Ir IIt Iv [)pene(i [n !he [SS surge t,ir)k, result il)~,

;11 ,1 1ow I[)op t low lnventorv At!er [hi> W(,S
,(,rl(. ,. fotl, .11; 1ss plug, posslhlv ciiused hv I)? ice,
,,, c.,, ,~,. d [.urrp tluw r:.suroeri on tiav 8. Ar this poil\r
,1 wdter lle plu~ in !ISBF1 necesslcated routing loop

! 1(IW throuu,ti HSB2 tlr)[ll !ISBF1 could he rry,eneraced
ROI.,IIIULIIp, !4SB1 tlow re>ul[r.ct in irs brerskthrrruF,t) 011 d.IV
4 ~~l(,l,p,h the$e problems were sornewhac dl~hrartenirlgt

! }14. {/(lick resOlut 10II ftt them, resultirlg in r }Ie
, ,)!)r In,ta! for) ot npera( ions, ,Ittc.st ro the ~,ersarility

,! [hc “I!;TA plpirlp, Luvouc,

From this point un, operations hocame somewhut

fo[lt irle F4Sf12 broke throu~h on dJLy 11, and !mpuritlrs
were ,~ft Al Itle onrf ot [his day co arren?e tor rhe
(orivtilliertt rlmlr]g of the HSB1 breakthrough on (I(IY 13

I?IO Iasc loa(Jirlg ot MsB’2 was completed on dav 1> ~tter
wt)l(h Impurl[ies .idditiorr was turnal off,

E.mrtl F4sff I)rcakrhroup,h was follow?d t)v lt%

rejr. r.l\rratlurl mm m)}’ WAS regenerated attor t 11?

! irst P4SB ro~r. r]rrat ion, (IIN1 ?!!=!: :1.~~ .Jp,ain IIr It 11 ttIsr

l.1:.t tlnv III r)Ir t.rrperimorlt

(ml,~jliklr~ h,fI!lLLi)II

ilrrput It II, u I II)* !/ , .I IId lot (:1{/, ) wore Inlxo(l Ulttl

‘he mnirl r’;’r.f 101)1, f l,,w III OIe t raustc.r ~,,unpltl~ ,11111

:“1’(1) 1111.41trnm ot }([) [Iq!,llllv f IIP Imi)t.1 If II, QI

.111(111 11*[1 f ltlw14ato WI1l (,1) .S(.,m, t)ut otht.t t l(,wl/tr~w

‘4), 1.’(1, 1/’) ,i(m worm .ll~l) !I%r.ti :Irfl ill If 11, s

1111111 11111 w:tw <,rl !,11 ]() ) <IIIV* (( 11%1 II II! 11, ill)tl=+lv)

lP7\llll11v, III ,1 1111.11 ‘1 ,11, / !ltt.t* (lf~ll ! ;Ito!q x,)

III(I ‘It, : IItt,lv ,11,,) ,(i!lr. !l t,) !110 I(l(lp :,11! 1,, ,’ ,. I,, IW4

‘ Ilr. !1,1,111! it 7 (It ,,,, I t ,,(l\, ,l 1,’, ,1 (,1) ,,,, r ;, I,,. (I ,1!

III ,,,, kl Ill<Illv,ll1“!10,1,,,0I(rt,,p!,(,,,,,ti!y’ ,,1 l,~,tlr It II. ,.

141.111tll*,tl ~lvl 11{.11 Wll? 11!1 .’ I lfr.1~ rlllq l,, +18 !1! IIlt.

Ptlt.t)!vt 1! .11. ,,, ,,,, < i!,, ,,t t II I.*O 1 II k’~ 18,.<!., :)18,

rs,m.)llltl)v, II)t ,11 rl,,, 1),341 I . t)ol IOVW,I I ,, l,,. ,$, , \t, >i,. ,1 t,v

wnt~.1 wlil, II 8 ,IIIt 1(,t 181. ,Ir i,:orl ,,1 f ,,f ftiv I,c. ,lx I,r, nlaxt.

,, f !110 I 1 ,11(1 }’ ,oml,nt,tt,tn Ilmlt .1 tom{,ot,tlltv ,,1

.,1) <8!1! ( (lo f (.I l$~r{,lllrll 1,, ! ,,,rn,,lr,tt.ij Irylttp,

nt,lI~4 ,tii.at ., ,,s .:,< ,

:.11! 1(, ,’ q!llt.t!ll,rt ‘alCS~I. Itotl I’or fIIIm, tII, I,

111,!1 I 11,. ,.. 14!.,1,. !1 I
,

,*,,,, , ,:.:,’1

., [ ),1 [..2. ~, ,; 1.4,
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!igure ) !4sB Breakthrough ac TwrI

Impurities ArJdItton Rates

Flg~tre “) shows t Wo typical !ISB !,reakthrough

curves Thtr m.~rkers represent the N2 concentration iIt

A point )/4 down [he lenRLh ot the ftSB. ‘I?le me. harle

1s not ohserve[i at hteakthrough because It 1s mor@

strongly rdsorhed and is trapped at the I,ert lnleL,

The llnaa represent che N2 concant.rations 111 rhe teed

to the MB basati on the raLio ot N2 addition flowrate

ro the total loop flowrate. In the case ot the solld

circles and dashed line, tho impurities were Lining

i~dded at 120 seem during the breakthrough, while the

impurities flcwrale for the squareo and snlid line was

60 seem. In boLh cases the breakthrough N?

concentration is higher than t hm ?Jp feed

concentration, T?IIs. phenomenon 1s tailed “roll.up= or

“roil-over= behavioi [2] [t is CaUS@d by rha (;t(/,

displacing previously a{Jsorbed N2 from the front Of
the bed. Thus , the msasureri N2 concentrati~n 1s thn

sum of Lhm N2 in the f’eed And (ha clb+ ~l~PlaC’ed N?

The ‘ritlum Il)vontory on an ‘4 varies JIS it

prrrnresses from prolcwlll)g trr Impui.ties lo~dln% ro

tv~eneratlot) Rotoro !mpuritles are loaded on n hod,

it h (’ooled to // K AIIrf preloarfed with 1)7 “Ttlis

requires 148 lltors of f)T whlct) ropresarlts JO ~rnms ot
Iritl{us A* lmp(lrltlo,i nte lt~adell [,rt tile Itvtl, I he 1)/

Iq [Ilqplnre{l 1111(1 fot\lrrl~(i to rhq loop Ut)oll n 1)0(1 I*

vt)mpleloiv ‘ 1/1(10(1 Wltll lmputltie~ t 1,4, rtltllum

irtvetttr, rv c,rt ttle 114111IIop Ptl Ilv IItl ttla 41m(I\lltt (,1 t r It l~un

111 ttlm im~~tlrlti~s Ill !)11,4 ~rrpmritrfotlt , if ftlo ill,,

,,rr, h,ll, gr$tl I(, [“11:1),1) ( ,8 1 rnnt)ll.ll #114 o.4tlrnqro ,,( Wtldt

!Irt(lallv (I!{ rlllet l), t Ilm r I 1( lurn ltlvolltolv 1111 d IIP(I

wIIv Ild I,* ) j p,tam,d ‘I”)llq Illvolll(llv i-l It. tltlllr!l 11s (I)

l,) t II* l(IfI~I WIIOII t 110 lw)t Iv rr. ?,erlvtntl. (1 !Jr.1 I IIt.r r!)rI

4,~,Pl tit 1,)11 (It F(:tl r),,! t Ilm #,}1RtFlt 11111 ,>f ,>t t,,,, I ‘;TA

.tvwtvmq (mcP4t rlf~tt,l,lv 1?,$) woto ntlvvt%vly ttffrt 11.11 ii,/

t Iir. .&n I ltnrt~,m~ III no-n lrivvttrr~t I I.*

l(vp,vtlml,n! 1111) !11 .111 t4’; M Wtlq Ill ( (Imlll I .,}!l. {1 IIY !11,:!

.,1 ,11 ! Ir\p, llIn ll,rjllo I low tlltrl,tf,l] t M) ,111(1 tile 11101 , .41111
,,~lr t ,) I 110 [’W :Ilt,rl o I I ‘Iii’fi III, I,Itt V,I, witn .. ’.11 11,11

!11 %wet$l) Iltlqt)llllllp, f,(lwos !Illt (It1110)4’,11!4,(K: Wlllll.

IIln M“ln Wtr% 111.nt I.11 I’f,o ).,Jl.r Ovtlllll Itltl tlf, w IIlm I,*,1

11111,1 l,rI m41111t II I oIl II%IIIH b,,n- s I!rtplaatrtv.t.tl,llv r,’ 1 ~*1

,I,lmll I o I I,m 1,1.1 11,m 11111&.,v ,11 It Onltl.tl !III* /4’!11 Illt o.!,

.Itlnlvurlm I !111111 1,[, \l*, t IIltml, ll <It o in’lrr!ln,lm fll,,l\lt81, < ,+ !,f

,,1,0 *v O.Iv If,,,r rnitb,ttt~~

Itlrl lt+.llllt~ Ill .411tII ,lr\,tlvqtl ,110 ,411flWll l!, I ILIIIO

Illo mdttbotti rt.l,t8,nvl\l f 11P , 11/, 4 4,1!1.111,,41 .0!1,1 N,!

!rldtr)v. it. q) , ,,,,1 Pl, l 1,11 ((, ,1,, 1111. ..,, 11!1 111!,1 I 11>,9



temperature measured ac [he cencer of the bed. The

reason for the broad nature of these resorption curves

is related ro the MSB configuration. The beds are

constructed of two heal-cylinders oriented with the

cylinder axis ~ertical (process flow is down one
hemi-cvlinder. then up the other side, and out), l-his

assemblv is submerged i n A liquid nitrogen bath.

During regeneration the liquid nitrogen level drops as

Lt boils awav. This creates significance temperature

gradients. t;as d~sorpcion begins at the top of [he
bed and eventually works its way to the bottom, This
broad desorpclon patLera 1s advantageous since iL

prevents overloading of the 02/He nddition system.

The ()~/He addition rati-r waa atltoma[i~ally

,ictjusted to ❑aintain a 2* O? concenrratlon at the CR2

exhaust The reeulting 02/tie tlowrata is shown in
Figure 5. AS expected the ❑aximum tlowrate coincided
w{Lh the maximum Ctl(, concentration. Each mole of Ctl/,

tequires .2 moles of 0?, while the onlv etfect of N? on
the ()?/}lr IS that ot dilution,

Also monitored dut inu regeneration was t he

I-.Idi,IC ion of the gas leaving FCU fur the TWT -rhis 1s

shown in Figure b. rhe r.ldlation values recorded

whert. OIIIV the background rrAdinRs of the 10II rh.amber

nl(ls, 110 measurable tricium was 10SL in this step of

,Irl HSR legeneracion.

Though dnticipateti .1s a possible problem, 11[)

plup,glng (cit:e to ice tormation in the inlet) of t he

DTOF occurred

LK!.xxiWLUmUl Ml

rtle last step in t he }(XJ operations is I tle

roge[)erntlon of the DTOF. The system is designed for

‘ ,1,,,,,),

over hot uranium where it is
nxida and Q2 gaa. Nowaver, when

:1 MI’lf?Al[l lit (h ‘I
... . . . . . ... .-. —.
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Figut-e b, t4sB Regeneration: Gas Evolution
,ind KadiaLlon

[his step was nttempted. the fiSBF’s plugged with ice

in their i[llet tubing (heaLer tape should solve this
plup,gin~ problem in the future). ‘Tie fact Lhac so

much water passed unconverted t hrnugh the IIMB

indicates that conversion was quite ~oor. ‘The bed was

we~l activated and had plenty of capa:ity, 60t, bi~fore

t~eing used. However, after completion of this ~un the
IMB capacity was ❑easured and found to be reduced to

l~t, ❑uch ❑ ore ‘.han could be ar.countod for by the 8.t

moles of water produced during the experiment. Though

it. is unclear what caused this loss of capacity, iC \S

fvarad that the formation of oxides on outer surfaces
is preventing access to active material beneath the
surtaca .

CQB.CLUUQKS

‘Thc two principle flndlngs of this oxp-rlment

rhO use of rrYogenic molecular sieve is M very
robust merhwf for ‘amov~ng impurities from

fusion fuels. While loop flowratrns, pressures

and lmpuritiern concentrations varind, t ha

t’fsfl’ s continued unaffect~d, completely

trmovtng lmpuritiea. No [St plugglt~g ucrurred

[Itlrlng thin run (!ua t (1 lmpuritirs pmsalnR

thrt)~tp,h the MSf)’s

I’I1o t ir,4t stop III lhn ti!ill try,otl-rnt irtl ptocrsq

1’1 !! I{lm ‘,,,, ,4 t t~m,~ I’olll A*sI$Inl!lv If.titlp, Mill..t.ttlal

‘,ll~vl, .It :Ii! 1<)1 1’!11Ilvlllp. ,1 t“\l.6i<l11 ltlel I’ttl,l+q. l
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